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its crystalline state only. 

Crystalline Silica's Forms 

Crystalline silica exists in seven different forms or polymorphs, four of which are extremely 
rare. The three major forms, quartz, cristobalite, and tridymite, are stable at different 
temperatures. Within the three major forms, there are subdivisions. Geologists distinguish, for 
example, between alpha and beta quartz, noting that at 573 °C, quartz changes from one form to 
the other. Each of these subdivisions is stable under different thermal conditions. Foundry 
processes, the burning of waste materials, and other manufacturing procedures can create the 
kinds of conditions necessary for quartz to change form. In nature, quartz in its alpha, or low, 
form is most common, although both lightning strikes and meteorite impacts can change alpha 
quartz into keatite or coesite. Alpha quartz is abundant, found on every continent in large 
quantities. In fact, alpha quartz is so abundant and the other polymorphs of crystalline silica are 
so rare, some writers use the specific term quartz in place of the more general term crystalline 
silica . 

Where Crystalline Silica Is Found 

Crystalline silica, usually in the form of alpha quartz, is everywhere. It is in every part of every 
continent. It occurs plentifully in nature and is used commonly in industry. 

The Natural Occurrence of Crystalline Silica 

All soils contain at least trace amounts of crystalline silica in the form of quartz. It may have 
been part of the rock that weathered to form the soil, it may have been transported, or it may have 
crystallized from an amorphous (that is, a noncrystalline) silica that formed during the weathering 
process. Quartz is also the major component of sand and of dust in the air. Quartz is present in 
igneous rocks-but only those that contain excess silica. As magma cools, olivine, pyroxenes, 
amphiboles, feldspars, and micas form first. These minerals (all silicates) need silica to form, 
because silicates are made from silicon, oxygen, and a metal, usually one of the six most common 
metals. Quartz forms only if sufficient silicon and oxygen are left over after these silicates have 
formed. Nature's odds are stacked in quartz's favor, however. The fact that quartz is the second 
most common mineral in the world {feldspar is most common) indicates that plenty of silicon and 
oxygen were left over during the cooling process to allow ample quantities of quartz to form. In 
fact, the average quartz content of igneous rocks is 12%. 

In geologic history, igneous rocks originated from magma, the material carried to the surface 
from the Earth's molten core. The other two types of rocks are sedimentary and metamorphic. 
Quartz is abundant in all three types of rock. It is one of Earth's primary building blocks. 

The rock cycle describes the relationship between the three types of rock. Igneous rocks 
reflect activity (heat and pressure) beneath Earth's crust; metamorphic rocks reflect activity both 
beneath the crust and within and at the surface; and sedimentary rocks reflect conditions (wind, 
water, and ice) at the Earth's surface. Over geologic time, sedimentary rocks maybe altered by 
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understanding was limited by the technology of his time. The ancients believed quartz to be very 
deep-frozen ice, which could no longer be remelted. In fact, to prove this hypothesis, Pliny 
pointed out that quartz seemed to be found most frequently in the vicinity of glaciers. Although 
they may not have understood its true nature, early civilizations did understand its value as a 
gemstone. Today, quartz is used for a whole spectrum of products (Table 2) from high- 
technology applications in the electronics and optical fields to everyday uses in building and 
construction. 

In Glass, Ceramic, and Fine China Manufacturing 

One of the major uses of crystalline silica is as a raw material for glass manufacture. The first 
glass was probably made in Egypt more than 5,000 years ago. Today, the process has become 
highly refined. To ensure a very pure product, the specifications for glass are exceptionally 
stringent. A pure crystalline silica is used; the iron content must be less than 0.03%, and there are 
strict limits on the amounts of other impurities. Even the grain size of the crystals is specified. In 
the finished glass, the silica content must be at least 98.5%. Ceramics, porcelain, and fine china 
are made from finely ground crystalline silica, called silica flour. 

In Construction 

Ruilding materials , such as concrete and dimension stone (sandstone, granite, and limestone are 
examples) contain crystalline silica in the form of quartz . Dimension stone is commonly used to 
build churches, government buildings, and monuments. In the Nation's capital, for example, the 
White House is built of sandstone, the Smithsonian Institution's original building of sandstone, the 
exterior of the Museum of Natural History of granite, and the Treasury building of granite and 
sandstone. Quartz is a component of cement, another technological development dating from 
ancient times. In the past, sandpaper and grinding wheels were made from quartz, and it was the 
primary abrasive used in sandblasting operations. 

Quartz is also used as functional filler in plastics, rubber, and paint. In George Washington's 
time, it was the fashion to add sand to paint. Thus, the wooden exterior of Mount Vernon, 
Washington's home in Virginia, was painted with a sand-paint mixture to give it the look of stone. 
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